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1
AUTOTHROTTLE RETARD CONTROL

FIELD OF THE DISCLOSURE

This disclosure generally relates to systems and methods
for landing an aircraft. More particularly, this disclosure
relates to systems and methods for in-flight determination of
a height to initiate autothrottle retard.

BACKGROUND

Autothrottles control thrust on an aircraft and are used in
many sections of flight, including take-off, cruise, and land-
ing. During landing, the autothrottle retards throttles so that
airspeed and rate of descent are reduced. The aircraft then
descends at a rate that results in a safe and gentle touch-down.

Typically, autothrottle retard is initiated once the aircraft
reaches a predetermined height above the runway. Determin-
ing an appropriate height can be important. Ifretard initiation
height is too low, then the plane may descend too rapidly. If
initiation height is too high, then the plane may stall. Either
scenario may lead to significant structural damage and fatali-
ties.

The retard initiation height is usually fixed for a given
aircraft and, for example, may be around 50 feet above the
runway. A fixed height may not be appropriate for all land-
ings, increasing the risk that pilots may need to take evasive
maneuvers to land a plane safely.

SUMMARY

This disclosure relates to systems and methods for in-flight
determination of a height to initiate autothrottle retard.
Advantageously, the systems and methods may reduce the
frequency with which pilots may need to take evasive maneu-
vers to land a plane safely.

In one embodiment, an autothrottle retard initiation
method includes receiving an aircraft’s ground speed, receiv-
ing the aircraft’s vertical speed, determining autothrottle
retard initiation height based on the aircraft’s ground speed,
the aircraft’s vertical speed, and an aircraft vertical landing
speed factor, receiving the aircraft’s height above ground, and
initiating autothrottle retard when the aircraft’s height above
ground and the autothrottle retard initiation height are equal.

In some embodiments, determining the autothrottle retard
initiation height includes calculating an integral of the aircraft
vertical landing speed factor from throttle retard initiation to
touchdown.

In some embodiments, the aircraft’s vertical landing speed
factor represents a predetermined aircraft trajectory from the
autothrottle retard initiation height to aircraft touchdown. In
some further embodiments, the aircraft’s flight path angle
may be assumed constant from approach to touchdown, and
the aircraft vertical landing speed factor at time t may be
expressed as

G0 (Equation 1)

VSap
GS,

where GS(t) is an aircraft ground speed factor at time t,
VS, is the aircraft’s vertical speed during approach, and
GS , 7 is the aircraft’s ground speed during approach.
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In some embodiments, the aircraft’s flight path angle may
change from approach to touchdown and the aircraft’s verti-
cal landing speed factor at time t may be expressed as

GS(Htan(FPA(1)) (Equation 2)

where GS(t) is an aircraft ground speed factor at time t and
FPA(Y) is the aircraft’s flight path angle factor at time t.

In some embodiments, receiving the aircraft’s vertical
speed includes receiving the aircraft’s inertial vertical speed.
In some embodiments, receiving the aircraft’s ground speed
includes receiving an instantaneous aircraft ground speed. In
some embodiments, receiving the aircraft’s ground speed
includes receiving an average aircraft ground speed.

In some embodiments, the method comprises determining
autothrottle retard initiation height based on an aircraft
weight.

In one embodiment, an autothrottle retard initiation system
includes a first module that receives an aircraft’s ground
speed, a second module that receives the aircraft’s vertical
speed, a third module that determines autothrottle retard ini-
tiation height based on the aircraft’s ground speed, the air-
craft’s vertical speed, and an aircraft vertical landing speed
factor, a fourth module that receives the aircraft’s height
above ground, and a fifth module that initiates autothrottle
retard when the aircraft’s height above ground and the auto-
throttle retard initiation height are equal.

In some embodiments, the third module integrates the air-
craft vertical landing speed factor from throttle retard initia-
tion to touchdown.

In some embodiments, the aircraft’s vertical landing speed
factor represents a predetermined aircraft trajectory from the
autothrottle retard initiation height to aircraft touchdown. In
some further embodiments the aircraft vertical landing speed
factor at time t may be represented by Equation 1. In some
embodiments, the aircraft’s vertical landing speed factor at
time t may be expressed by Equation 2.

In some embodiments, the second module receives the
aircraft’s inertial vertical speed. In some embodiments, the
first module receives an instantaneous aircraft ground speed.
In some embodiments, the first module receives an average
aircraft ground speed.

In one embodiment, an autothrottle retard initiation
method includes receiving an aircraft’s ground speed, deter-
mining an autothrottle retard initiation height, receiving the
aircraft’s height above ground, and initiating autothrottle
retard when the aircraft’s height above ground and the auto-
throttle retard initiation height are equal. In some embodi-
ments, the autothrottle retard initiation height is determined
using

tan(F PA
Thcs an(FPA)

where GS , »is the aircraft’s ground speed during approach,
GS;p, is the aircraft’s ground speed at touchdown, A is a
constant aircraft inertial ground speed deceleration, and FPA
is a constant aircraft flight path angle.

In one embodiment, an autothrottle retard initiation system
includes a first module that receives an aircraft’s ground
speed, a second module that determines an autothrottle retard
initiation height, a third module that receives an aircraft’s
height above ground, and a fourth module that initiates auto-
throttle retard when the aircraft’s height above ground and the
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autothrottle retard initiation height are equal. In some
embodiments, the autothrottle retard initiation height is deter-
mined using Equation 3.

In one embodiment, an autothrottle retard initiation
method includes receiving an aircraft weight, receiving an
aircraft ground speed, receiving an aircraft height above
ground, determining an autothrottle retard initiation height
based on the aircraft weight and aircraft ground speed, and
initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are equal.
By considering an aircraft’s weight and ground-speed in
determining retard initiation height, some embodiments may
advantageously determine a height more suitable for a spe-
cific landing situation. For example, a heavier aircraft
approaching at a faster ground speed may require more time
(and, consequently, more height) to land safely than a rela-
tively lighter and slower-approaching aircraft.

In some embodiments, the method includes adjusting air-
craft throttles to reduce airspeed at not greater than two knots
per second after initiating autothrottle retard. In further
embodiments, the method includes discontinuing autothrottle
retard when airspeed has decreased by ten knots or greater
after initiating autothrottle retard. In some embodiments, the
method includes preventing throttle advancement after initi-
ating autothrottle retard. In some embodiments, the method
includes identifying contact between aircraft landing gear
and a runway and retarding aircraft throttles to idle after
contact between the aircraft landing gear and the runway. In
some embodiments, receiving the aircraft weight includes at
least one of receiving manually entered data, receiving data
from an aircraft sensor, and receiving data from an external
sensor.

In one embodiment, an autothrottle retard initiation system
includes a first module that receives an aircraft weight, a
second module that receives an aircraft ground speed, a third
module that receives an aircraft height above ground, a fourth
module that determines an autothrottle retard initiation height
based on the aircraft weight and aircraft ground speed, and a
fifth module that initiates autothrottle retard when the aircraft
height above ground and the autothrottle retard initiation
height are equal. By considering an aircraft’s weight and
ground-speed in determining retard initiation height, some
embodiments may advantageously determine a height more
suitable for a specific landing situation.

In some embodiments, the system includes a sixth module
that adjusts aircraft throttles to reduce airspeed at not greater
than two knots per second after the fifth module initiates
autothrottle retard. In some embodiments, the system
includes a seventh module that discontinues autothrottle
retard when airspeed has decreased by ten knots or greater
after the fifth module initiates autothrottle retard. In some
embodiments, the system includes an eighth module that
prevents throttle advancement after the fifth module initiates
autothrottle retard. In some embodiments, the system
includes a ninth module that identifies contact between air-
craft landing gear and a runway and a tenth module that
retards aircraft throttles to idle when the ninth module iden-
tifies contact between the aircraft landing gear is on the run-
way. In some embodiments, the first module receives the
aircraft weight through at least one of manually entered data,
data from an aircraft sensor, and data from an external sensor.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts an autothrottle retard initiation method, in
accordance with an embodiment.

FIG. 2A depicts a graph of a vertical speed factor from
throttle reduction to touchdown, in accordance with one
embodiment.

FIG. 2B depicts a graph of an aircraft ground speed factor
from throttle reduction to touchdown, in accordance with one
embodiment.

FIG. 3 depicts an autothrottle retard initiation system, in
accordance with an embodiment.

FIG. 4 depicts an autothrottle retard initiation method, in
accordance with an embodiment.

FIG. 5 depicts a graph of a relationship between ground
speed and height above touchdown, in accordance with an
embodiment.

FIG. 6 depicts an autothrottle retard initiation system, in
accordance with an embodiment.

FIG. 7 depicts an autothrottle retard initiation method, in
accordance with an embodiment.

FIG. 8 depicts an autothrottle retard initiation system, in
accordance with an embodiment.

DETAILED DESCRIPTION

In the following description of embodiments, reference is
made to the accompanying drawings which form a part
hereof, and in which it is shown by way of illustration specific
embodiments in which the claimed subject matter may be
practiced. It is to be understood that other embodiments may
be utilized and structural changes may be made without
departing from the scope of the claimed subject matter.

In some embodiments, a height to initiate autothrottle
retard is determined in-flight. Advantageously, the systems
and methods may reduce the frequency with which pilots
need to take evasive maneuvers to land a plane safely.

In some embodiments, the height to initiate autothrottle
retard is determined based upon a factor that considers the
aircraft’s ground speed and vertical speed. FIG. 1 depicts a
method 100 for initiating autothrottle retard, in accordance
with an embodiment. Method 100 may advantageously deter-
mine a height more suitable for a specific landing situation
than the fixed height used in prior art methods.

Method 100 includes receiving the aircraft’s ground speed
102. In some embodiments, receiving the aircraft’s ground
speed includes receiving an instantaneous aircraft ground
speed. In some embodiments, receiving the aircraft’s ground
speed includes receiving an average aircraft ground speed
over a period of time. In some embodiments, the aircraft
ground speed may be provided by an airspeed indicator, E6B
flight computer, or similar device. In most examples
described herein, the received aircraft ground speed may also
be referred to as the aircraft’s ground speed at approach.

Method 100 includes receiving the aircraft’s vertical speed
104. In some embodiments, receiving the aircraft’s vertical
speed includes receiving an instantaneous aircraft vertical
speed. In some embodiments, receiving the aircraft’s vertical
speed includes receiving an average aircraft vertical speed
over a period of time. In some embodiments, the vertical
speed may be provided by a variometer or similar device. In
some embodiments, receiving the aircraft’s vertical speed
includes receiving the aircraft’s inertial vertical speed. In
some embodiments, the inertial vertical speed may be pro-
vided by an inertial vertical speed indicator or similar device.
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In most examples described herein, the received aircraft ver-
tical speed may also be referred to as the aircraft’s vertical
speed at approach.

Method 100 includes determining autothrottle retard ini-
tiation height 106. The autothrottle retard initiation height
may be determined using the aircraft’s ground speed, the
aircraft’s vertical speed, and an aircraft vertical landing speed
factor.

In some embodiments, determining the autothrottle retard
initiation height includes calculating an integral of the aircraft
vertical landing speed factor from throttle retard initiation to
touchdown. Height above ground (z) may be related to verti-
cal speed (VS) by

2=VS() (Equation 4)

Integrating this equation from throttle reduction to touch-
down yields

ARIH=2(t7)~2(trp)==[ 1 PVS()dt

where ARIH=autothrottle retard initiation height,
tp=time at touchdown, t,,=time at throttle retard, and VS(t)
is the aircraft vertical landing speed factor. Because z(t,,,) is
zero, the equation above yields the height at autothrottle
retard. In some embodiments, t,,, and t,; are chosen to
achieve a desired landing profile.

In some embodiments, the aircraft’s vertical landing speed
factor represents a predetermined aircraft trajectory from the
autothrottle retard initiation height to aircraft touchdown.
FIG. 2A depicts a graph 200 of an aircraft vertical speed
factor from the time of throttle reduction (t,5) to time of
touchdown (t;%), in accordance with one embodiment.

In graph 200, the vertical speed factor provides a smooth
trajectory from the approach value to the landing vertical
speed. Before the time of flare initiation (t5), VS(t) may be
expressed as Equation 1.

In some embodiments, the aircraft’s flight path angle may
change during landing. In some embodiments, the aircraft’s
vertical landing speed factor at time t may be expressed as
Equation 2.

FIG. 2B depicts a graph 220 of an aircraft ground speed
factor from the time of throttle reduction (tz) to time of
touchdown (t,5), in accordance with one embodiment. GS , -
is the aircraft’s ground speed at approach and GS,, is the
aircraft’s ground speed at touchdown. Graph 220 may be used
in conjunction with one of the equations described herein to
determine an autothrottle retard initiation height.

Returning to FIG. 1, determining autothrottle retard initia-
tion height 106 may include receiving the aircraft’s weight as
an input. In some embodiments, determining autothrottle
retard initiation height 106 may be performed by a computer
that receives aircraft ground speed and vertical speed as
inputs.

Method 100 includes receiving the aircraft’s height above
ground 108. In some embodiments, aircraft height may be
provided by a radar altimeter or a barometric altimeter
coupled with a GPS system.

Method 100 includes initiating autothrottle retard 110. The
autothrottle retard may be initiated when the aircraft’s height
above ground and the autothrottle retard initiation height are
equal.

In some embodiments, method 100 may be performed at a
predetermined height above the ground. For example, as the
aircraft approaches landing, method 100 may be performed at
200 feet above the ground. In some embodiments, method
100 may be performed when the aircraft begins approach or
may be initiated by the crew of the aircraft. In some embodi-

(Equation 5)
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ments, the method 100 is performed at a height that is deter-
mined based on landing or aircraft conditions.

FIG. 3 depicts an autothrottle retard initiation system 300,
in accordance with an embodiment. Autothrottle retard sys-
tem 300 may advantageously determine a height more suit-
able for a specific landing situation than the fixed height used
in prior art systems.

Autothrottle retard initiation system 300 includes an air-
craft ground speed module 302 that receives the aircraft
ground speed. In some embodiments, aircraft ground speed
module 302 receives an instantaneous aircraft ground speed.
In some embodiments, the aircraft ground speed module
receives an average aircraft ground speed.

Autothrottle retard initiation system 300 includes an air-
craft vertical speed module 304 that receives the aircraft’s
vertical speed. In some embodiments, aircraft vertical speed
module 304 receives the aircraft’s inertial vertical speed.

Autothrottle retard initiation system 300 includes an auto-
throttle retard initiation height module 306 that determines
autothrottle retard initiation height based on the aircraft’s
ground speed, the aircraft’s vertical speed, and an aircraft
vertical landing speed factor. In some embodiments, auto-
throttle retard initiation height module 306 integrates the
aircraft vertical landing speed factor from throttle retard ini-
tiation to touchdown.

In some embodiments, the aircraft’s vertical landing speed
factor represents a predetermined aircraft trajectory from the
autothrottle retard initiation height to aircraft touchdown. In
some further embodiments the aircraft vertical landing speed
factor at time t may be expressed as Equation 1.

In some embodiments, the aircraft’s vertical landing speed
factor at time t may be expressed as Equation 2.

Autothrottle retard initiation system 300 includes an air-
craft height module 308 that receives the aircraft’s height
above ground and an autothrottle initiation module 310 that
initiates autothrottle retard when the aircraft’s height above
ground and the autothrottle retard initiation height are equal.

In some embodiments, the height to initiate autothrottle
retard is determined based on a factor that considers the
aircraft’s ground speed. FIG. 4 depicts a method 400 for
initiating autothrottle retard, in accordance with an embodi-
ment. Method 400 may advantageously determine a height
more suitable for a specific landing situation than the fixed
height used in prior art methods.

Method 400 includes receiving the aircraft’s ground speed
402. In some embodiments, receiving the aircraft’s ground
speed includes receiving an instantaneous aircraft ground
speed. In some embodiments, receiving the aircraft’s ground
speed includes receiving an average aircraft ground speed
over a period of time. In some embodiments, the aircraft
ground speed may be provided by an airspeed indicator, E6B
flight computer, or similar device.

Method 400 includes receiving the aircraft’s height above
ground 404. In some embodiments, aircraft height may be
provided by a radar altimeter or a barometric altimeter
coupled with a GPS system.

Method 400 includes determining autothrottle retard ini-
tiation height 406. The autothrottle retard initiation height
may be determined using the aircraft’s ground speed and an
autothrottle retard initiation height factor.

In some embodiments, the autothrottle retard initiation
height factor assumes the aircraft’s inertial ground speed
deceleration along the flight path (A,,) is a constant and
aircraft flight path angle (FPA) is a constant. FIG. 5 depicts a
graph 500 of a relationship between ground speed and height
above touchdown (“HAT”) when A and FPA are constant,
in accordance with an embodiment. Under these assump-
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tions, the autothrottle retard initiation height factor may be
expressed as Equation 3. A¢ may be related to horizontal
distance travelled (“x”) by

_ GS72'D - GSE\P (Equation 6)

A
GS 7X

As shown in FIG. 5, the horizontal distance travelled is
related to autothrottle retard initiation height (“ARIH”) by

_ ARIH
" tan(FPA)

(Equation 7)

Substituting Equation 7 into Equation 6 gives Equation 3.

Returning to FIG. 4, determining autothrottle retard initia-
tion height 406 may include receiving the aircraft’s weight as
an input. In some embodiments, determining autothrottle
retard initiation height 406 may be performed by a computer
that receives aircraft ground speed as an input.

Method 400 includes initiating autothrottle retard 408. The
autothrottle retard may be initiated when the aircraft’s height
above ground and the autothrottle retard initiation height are
equal.

In some embodiments, method 400 may be performed at a
predetermined height above the ground. For example, as the
aircraft approaches landing, method 400 may be performed at
200 feet above the ground. In some embodiments, method
400 may be performed when the aircraft begins approach or
may be initiated by the crew of the aircraft. In some embodi-
ments, the method 400 is performed at a height that is deter-
mined based on landing or aircraft conditions.

FIG. 6 depicts an autothrottle retard initiation system 600,
in accordance with an embodiment. Autothrottle retard sys-
tem 600 may advantageously determine a height more suit-
able for a specific landing situation than the fixed height used
in prior art systems.

Autothrottle retard initiation system 600 includes a ground
speed module 602 that receives the aircraft’s ground speed. In
some embodiments, ground speed module 602 receives an
instantaneous aircraft ground speed. In some embodiments,
ground speed module 602 receives an average aircraft ground
speed over a period of time.

Autothrottle retard initiation system 600 includes auto-
throttle retard initiation height module 604 that determines
autothrottle retard initiation height. The autothrottle retard
initiation height may be determined using the aircraft’s
ground speed and an autothrottle retard initiation height fac-
tor.

In some embodiments, the autothrottle retard initiation
height factor assumes the aircraft inertial ground speed decel-
eration (A ) is a constant and aircraft flight path angle (FPA)
is a constant. Under these assumptions, the autothrottle retard
initiation height factor may be expressed as Equation 3.

Autothrottle retard initiation system 600 includes an air-
craft height module 306 that receives the aircraft’s height
above ground and an autothrottle initiation module 308 that
initiates autothrottle retard when the aircraft’s height above
ground and the autothrottle retard initiation height are equal.

In some embodiments, an autothrottle retard initiation
height is determined based on aircraft weight and ground-
speed. Advantageously, the systems and methods may deter-
mine an initiation height more suitable to a specific landing
situation.
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FIG. 7 depicts a method 700 for initiating autothrottle
retard, in accordance with an embodiment. Method 700 may
advantageously determine a height more suitable for a spe-
cific landing situation than the fixed height used in prior art
methods.

Method 700 includes receiving an aircraft weight 702. In
some embodiments, receiving an aircraft weight 702 may
include receiving manually entered data, receiving data from
anaircraft sensor, or receiving data from an external sensor. In
some embodiments, an aircraft’s structural weight may stay
the same, but cargo and fuel weight may vary from flight to
flight. Such variations in weight may be accounted for by step
702.

Method 700 includes receiving an aircraft ground speed
704. In some embodiments, aircraft ground speed may be
determined by the vector sum of the aircraft’s true airspeed
and the current wind speed and direction.

Method 700 includes receiving an aircraft height above
ground 706. In some embodiments, aircraft height may be
provided by a radar altimeter or a barometric altimeter
coupled with a GPS system.

Method 700 includes determining an autothrottle retard
initiation height based on the aircraft weight and aircraft
ground speed 708. In some embodiments, determining auto-
throttle retard initiation height may be performed by a com-
puter that receives aircraft weight and ground speed as inputs.

Method 700 includes initiating autothrottle retard when the
aircraft height above ground and the autothrottle retard ini-
tiation height 710 are equal.

In some embodiments, method 700 includes adjusting air-
craft throttles to reduce airspeed at not greater than two knots
per second after initiating autothrottle retard. In further
embodiments, method 700 includes discontinuing auto-
throttle retard when airspeed has decreased by ten knots or
greater after initiating autothrottle retard. In some embodi-
ments, method 700 includes preventing throttle advancement
after initiating autothrottle retard. In some embodiments,
method 700 includes identifying contact between aircraft
landing gear and a runway and retarding aircraft throttles to
idle after contact between the aircraft landing gear and the
runway.

FIG. 8 depicts an autothrottle retard initiation system 800,
in accordance with an embodiment. By considering an air-
craft’s weight and ground-speed in determining retard initia-
tion height, system 800 may advantageously determine a
height more suitable for a specific landing situation.

System 800 includes a weight module 802 that receives an
aircraft weight. In some embodiments, weight module 802
may include manual inputs for entering data, an aircraft sen-
sor, or a sensor external to the aircraft.

System 800 includes a ground speed module 804 that
receives an aircraft ground speed. Ground speed module 804
may include a true airspeed indicator and a computer for
determining the vector sum of the aircraft’s true airspeed and
the current wind speed and direction.

System 800 includes an autothrottle retard initiation height
module 806 that determines an autothrottle retard initiation
height based on information received from the weight module
802 and the ground speed module 804. In some embodiments,
autothrottle retard initiation height module 806 may include a
computer.

System 800 includes a height module 808 that receives an
aircraft height above ground. In some embodiments, height
808 may include a radar altimeter or a barometric altimeter
coupled with a GPS system.
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System 800 includes an autothrottle initiation module 810
that initiates autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are equal.

In some embodiments, system 800 includes another mod-
ule (not shown) that adjusts aircraft throttles to reduce air-
speed at not greater than two knots per second after the
autothrottle initiation module 810 initiates autothrottle retard.
In some embodiments, system 800 includes another module
(not shown) that discontinues autothrottle retard when air-
speed has decreased by ten knots or greater after the auto-
throttle initiation module 810 initiates autothrottle retard. In
some embodiments, system 800 includes another module
(not shown) that prevents throttle advancement after the auto-
throttle initiation module 810 initiates autothrottle retard. In
some embodiments, system 800 includes another module
(not shown) that identifies contact between aircraft landing
gear and a runway and a further module (not shown) that
retards aircraft throttles to idle after contact between the
aircraft landing gear and the runway.

One skilled in the relevant art will recognize that many
possible modifications and combinations of the disclosed
embodiments can be used, while still employing the same
basic underlying mechanisms and methodologies. The fore-
going description, for purposes of explanation, has been writ-
ten with references to specific embodiments. However, the
illustrative discussions above are not intended to be exhaus-
tive or to limit the disclosure to the precise forms disclosed.
Many modifications and variations can be possible in view of
the above teachings. The embodiments were chosen and
described to explain the principles of the disclosure and their
practical applications, and to enable others skilled in the art to
best utilize the disclosure and various embodiments with
various modifications as suited to the particular use contem-
plated.

Further, while this specification contains many specifics,
these should not be construed as limitations on the scope of
what is being claimed or of what may be claimed, but rather
as descriptions of features specific to particular embodi-
ments. Certain features that are described in this specification
in the context of separate embodiments can also be imple-
mented in combination in a single embodiment. Conversely,
various features that are described in the context of a single
embodiment can also be implemented in multiple embodi-
ments separately or in any suitable subcombination. More-
over, although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination can in some
cases be excised from the combination, and the claimed com-
bination may be directed to a subcombination or variation of
a subcombination.

What is claimed is:

1. An autothrottle retard initiation method comprising:

receiving an aircraft ground speed,

receiving an aircraft vertical speed,

determining an autothrottle retard initiation height based

on the aircraft ground speed, the aircraft vertical speed,
and an aircraft vertical landing speed factor,

receiving an aircraft height above ground,

initiating autothrottle retard when the aircraft height above

ground and the autothrottle retard initiation height are
equal, and

reducing airspeed at a rate not greater than two knots per

second after initiating autothrottle retard.

2. The method of claim 1, wherein determining the auto-
throttle retard initiation height comprises calculating an inte-
gral of the aircraft vertical landing speed factor from throttle
retard initiation to touchdown.
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3. The method of claim 1, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

4. The method of claim 3, wherein the aircraft vertical
landing speed factor at time t is expressed as

Vs,
GS() S”;P

G,

where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,» represents an aircraft ground speed during
approach.
5. The method of claim 3, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at

time t.

6. The method of claim 1, wherein receiving the aircraft
vertical speed comprises receiving an aircraft inertial vertical
speed.

7. The method of claim 1, wherein receiving the aircraft
ground speed comprises receiving an instantaneous aircraft
ground speed.

8. The method of claim 1, wherein receiving the aircraft
ground speed comprises receiving an average aircraft ground
speed.

9. The method of claim 1, wherein receiving the aircraft
vertical landing speed factor comprises receiving an aircraft
weight.

10. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that receives an aircraft vertical speed,

a third module that determines an autothrottle retard ini-
tiation height based on the aircraft ground speed, the
aircraft vertical speed, and an aircraft vertical landing
speed factor,

a fourth module that receives an aircraft height above
ground,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that reduces airspeed at a rate not greater
than two knots per second after the fifth module initiates
autothrottle retard.

11. The system of claim 10, wherein the third module
calculates an integral of the aircraft vertical landing speed
factor from throttle retard initiation to touchdown.

12. The system of claim 10, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

13. The system of claim 12, wherein the aircraft vertical
landing speed factor at time t is expressed as

VSap
GSap

GS(1)
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where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,, represents an aircraft ground speed during
approach.
14. The system of claim 12, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at
time t.
15. The system of claim 10, wherein the second module
receives an aircraft inertial vertical speed.
16. The system of claim 10, wherein the first module
receives an instantaneous aircraft ground speed.
17. The system of claim 10, wherein the first module
receives an average aircraft ground speed.
18. The system of claim 10, wherein the aircraft vertical
landing speed factor comprises an aircraft weight.
19. An autothrottle retard initiation method comprising:
receiving an aircraft ground speed,
determining an autothrottle retard initiation height based
on the aircraft ground speed and an autothrottle retard
initiation height factor,
receiving an aircraft height above ground,
initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and
reducing airspeed at a rate not greater than two knots per
second after initiating autothrottle retard.
20. The method of claim 19, wherein the autothrottle retard
initiation height factor is expressed as

GS3p— GStp

S tan(FPA)

where GS represents aircraft ground speed,
GS, represents aircraft ground speed at touchdown,
A ;s represents a constant aircraft inertial ground speed
deceleration, and
FPA represents a constant aircraft flight path angle.

21. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that determines an autothrottle retard
initiation height based on the aircraft ground speed and
an autothrottle retard initiation height factor,

a third module that receives an aircraft height above
ground,

a fourth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a fifth module that reduces airspeed at a rate not greater
than two knots per second after the fourth module ini-
tiates autothrottle retard.

22. The method of claim 21, wherein the autothrottle retard

initiation height factor is expressed as

GSip = GSip

S tan(FPA)
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where GS represents aircraft ground speed,
GS8 ,, represents aircraft ground speed at touchdown,
A ;s represents a constant aircraft inertial ground speed
deceleration, and
FPA represents a constant aircraft flight path angle.

23. An autothrottle retard initiation method comprising:

receiving an aircraft weight,

receiving an aircraft ground speed,

receiving an aircraft height above ground,

determining an autothrottle retard initiation height based
on the aircraft weight and aircraft ground speed,

initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and

reducing airspeed at a rate not greater than two knots per
second after initiating autothrottle retard.

24. The method of claim 23 comprising: discontinuing
autothrottle retard when airspeed has decreased by ten knots
or greater after initiating autothrottle retard.

25. The method of claim 23 comprising: preventing throttle
advancement after initiating autothrottle retard.

26. The method of claim 23 comprising: identifying con-
tact between aircraft landing gear and a runway and retarding
aircraft throttles to idle after contact between the aircraft
landing gear and the runway.

27. The method of claim 23 wherein receiving the aircraft
weight comprises at least one of receiving manually entered
data, receiving data from an aircraft sensor, and receiving data
from an external sensor.

28. An autothrottle retard initiation system comprising:

a first module that receives an aircraft weight,

a second module that receives an aircraft ground speed,

a third module that receives an aircraft height above

ground,

a fourth module that determines an autothrottle retard ini-
tiation height based on inputs received from the first
module and the second module,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that reduces airspeed at a rate not greater
than two knots per second after the fifth module initiates
autothrottle retard.

29. The system of claim 28 comprising a seventh module
that discontinues autothrottle retard when airspeed has
decreased by at ten knots or greater after the fifth module
initiates autothrottle retard.

30. The system of claim 28 comprising an eighth module
that prevents throttle advancement after the fifth module ini-
tiates autothrottle retard.

31. The system of claim 28 comprising a ninth module that
identifies contact between aircraft landing gear and a runway
and a tenth module that retards aircraft throttles to idle when
the ninth module identifies contact between the aircraft land-
ing gear and the runway.

32. The system of claim 28 wherein the first module
receives the aircraft weight through at least one of manually
entered data, data from an aircraft sensor, and data from an
external sensor.

33. An autothrottle retard initiation method comprising:

receiving an aircraft ground speed,

receiving an aircraft vertical speed,

determining an autothrottle retard initiation height based
on the aircraft ground speed, the aircraft vertical speed,
and an aircraft vertical landing speed factor,

receiving an aircraft height above ground,
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initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and

discontinuing autothrottle retard when airspeed has

decreased by ten knots or greater after initiating auto-
throttle retard.

34. The method of claim 33, wherein determining the auto-
throttle retard initiation height comprises calculating an inte-
gral of the aircraft vertical landing speed factor from throttle
retard initiation to touchdown.

35. The method of claim 33, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

36. The method of claim 35, wherein the aircraft vertical
landing speed factor at time t is expressed as

VSap
GSap

GS(1)

where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,, represents an aircraft ground speed during
approach.
37. The method of claim 35, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at

time t.

38. The method of claim 33, wherein receiving the aircraft
vertical speed comprises receiving an aircraft inertial vertical
speed.

39. The method of claim 33, wherein receiving the aircraft
ground speed comprises receiving an instantaneous aircraft
ground speed.

40. The method of claim 33, wherein receiving the aircraft
ground speed comprises receiving an average aircraft ground
speed.

41. The method of claim 33, wherein receiving the aircraft
vertical landing speed factor comprises receiving an aircraft
weight.

42. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that receives an aircraft vertical speed,

a third module that determines an autothrottle retard ini-
tiation height based on the aircraft ground speed, the
aircraft vertical speed, and an aircraft vertical landing
speed factor,

a fourth module that receives an aircraft height above
ground,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that discontinues autothrottle retard when
airspeed has decreased by ten knots or greater after the
fifth module initiates autothrottle retard.

43. The system of claim 42, wherein the third module

calculates an integral of the aircraft vertical landing speed
factor from throttle retard initiation to touchdown.
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44. The system of claim 42, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

45. The system of claim 44, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(1)

VSap
GS,

where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,» represents an aircraft ground speed during
approach.
46. The system of claim 44, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at
time t.
47. The system of claim 42, wherein the second module
receives an aircraft inertial vertical speed.
48. The system of claim 42, wherein the first module
receives an instantaneous aircraft ground speed.
49. The system of claim 42, wherein the first module
receives an average aircraft ground speed.
50. The system of claim 42, wherein the aircraft vertical
landing speed factor comprises an aircraft weight.
51. An autothrottle retard initiation method comprising:
receiving an aircraft ground speed,
determining an autothrottle retard initiation height based
on the aircraft ground speed and an autothrottle retard
initiation height factor,
receiving an aircraft height above ground,
initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and
discontinuing autothrottle retard when airspeed has
decreased by ten knots or greater after initiating auto-
throttle retard.
52. The method of claim 51, wherein the autothrottle retard
initiation height factor is expressed as

GSip = GStp

T an(FPA)

where GS represents aircraft ground speed,
GS, represents aircraft ground speed at touchdown,
A ;s represents a constant aircraft inertial ground speed
deceleration, and
FPA represents a constant aircraft flight path angle.

53. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that determines an autothrottle retard
initiation height based on the aircraft ground speed and
an autothrottle retard initiation height factor,

a third module that receives an aircraft height above
ground,
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a fourth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a fifth module that discontinues autothrottle retard when
airspeed has decreased by ten knots or greater after a
fourth module initiates autothrottle retard.

54. The method of claim 53, wherein the autothrottle retard

initiation height factor is expressed as

GSip = GSip

tan(FPA
Thcs an(FPA)

where GS represents aircraft ground speed,
GS8,, represents aircraft ground speed at touchdown,
A ;s represents a constant aircraft inertial ground speed
deceleration, and
FPA represents a constant aircraft flight path angle.

55. An autothrottle retard initiation method comprising:

receiving an aircraft weight,

receiving an aircraft ground speed,

receiving an aircraft height above ground,

determining an autothrottle retard initiation height based
on the aircraft weight and aircraft ground speed,

initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and

discontinuing autothrottle retard when airspeed has
decreased by ten knots or greater after initiating auto-
throttle retard.

56. The method of claim 55 comprising: preventing throttle

advancement after initiating autothrottle retard.

57. The method of claim 55 comprising: identifying con-
tact between aircraft landing gear and a runway and retarding
aircraft throttles to idle after contact between the aircraft
landing gear and the runway.

58. The method of claim 55 wherein receiving the aircraft
weight comprises at least one of receiving manually entered
data, receiving data from an aircraft sensor, and receiving data
from an external sensor.

59. An autothrottle retard initiation system comprising:

a first module that receives an aircraft weight,

a second module that receives an aircraft ground speed,

a third module that receives an aircraft height above

ground,

a fourth module that determines an autothrottle retard ini-
tiation height based on inputs received from the first
module and the second module,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that discontinues autothrottle retard when
airspeed has decreased by ten knots or greater after the
fifth module autothrottle retard.

60. The system of claim 59 comprising a seventh module
that prevents throttle advancement after the fifth module ini-
tiates autothrottle retard.

61. The system of claim 59 comprising an eight module
that identifies contact between aircraft landing gear and a
runway and a ninth module that retards aircraft throttles to
idle when the eighth module identifies contact between the
aircraft landing gear and the runway.

62. The system of claim 59 wherein the first module
receives the aircraft weight through at least one of manually
entered data, data from an aircraft sensor, and data from an
external sensor.
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63. An autothrottle retard initiation method comprising:

receiving an aircraft ground speed,

receiving an aircraft vertical speed,

determining an autothrottle retard initiation height based

on the aircraft ground speed, the aircraft vertical speed,
and an aircraft vertical landing speed factor,

receiving an aircraft height above ground,

initiating autothrottle retard when the aircraft height above

ground and the autothrottle retard initiation height are
equal, and

preventing throttle advancement after initiating auto-

throttle retard.

64. The method of claim 63, wherein determining the auto-
throttle retard initiation height comprises calculating an inte-
gral of the aircraft vertical landing speed factor from throttle
retard initiation to touchdown.

65. The method of claim 63, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

66. The method of claim 65, wherein the aircraft vertical
landing speed factor at time t is expressed as

VSap
GSap

GS(1)

where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,, represents an aircraft ground speed during
approach.
67. The method of claim 65, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at

time t.

68. The method of claim 65, wherein receiving the aircraft
vertical speed comprises receiving an aircraft inertial vertical
speed.

69. The method of claim 65, wherein receiving the aircraft
ground speed comprises receiving an instantaneous aircraft
ground speed.

70. The method of claim 65, wherein receiving the aircraft
ground speed comprises receiving an average aircraft ground
speed.

71. The method of claim 65, wherein receiving the aircraft
vertical landing speed factor comprises receiving an aircraft
weight.

72. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that receives an aircraft vertical speed,

a third module that determines an autothrottle retard ini-
tiation height based on the aircraft ground speed, the
aircraft vertical speed, and an aircraft vertical landing
speed factor,

a fourth module that receives an aircraft height above
ground,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that prevents throttle advancement after the
fifth module initiates autothrottle retard.
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73. The system of claim 72, wherein the third module
calculates an integral of the aircraft vertical landing speed
factor from throttle retard initiation to touchdown.

74. The system of claim 72, wherein the aircraft vertical
landing speed factor represents a predetermined aircraft tra-
jectory from the autothrottle retard initiation height to aircraft
touchdown.

75. The system of claim 74, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(1)

VSap
GS,

where GS(t) represents an aircraft ground speed factor at
time t,
VS, represents an aircraft vertical speed during
approach, and
GS,, represents an aircraft ground speed during
approach.
76. The system of claim 74, wherein the aircraft vertical
landing speed factor at time t is expressed as

GS(ttan(FPA()

where GS(t) represents an aircraft ground speed factor at
time t and
FPA(t) represents an aircraft flight path angle factor at
time t.
77. The system of claim 72, wherein the second module
receives an aircraft inertial vertical speed.
78. The system of claim 72, wherein the first module
receives an instantaneous aircraft ground speed.
79. The system of claim 72, wherein the first module
receives an average aircraft ground speed.
80. The system of claim 72, wherein the aircraft vertical
landing speed factor comprises an aircraft weight.
81. An autothrottle retard initiation method comprising:
receiving an aircraft ground speed,
determining an autothrottle retard initiation height based
on the aircraft ground speed and an autothrottle retard
initiation height factor,
receiving an aircraft height above ground,
initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and
preventing throttle advancement after initiating auto-
throttle retard.
82. The method of claim 81, wherein the autothrottle retard
initiation height factor is expressed as

GSip = GSip

tan(FPA
TAgs  PuFPA)

where GS represents aircraft ground speed,
GS, represents aircraft ground speed at touchdown,
A ;¢ represents a constant aircraft inertial ground speed

deceleration, and

FPA represents a constant aircraft flight path angle.

83. An autothrottle retard initiation system comprising:

a first module that receives an aircraft ground speed,

a second module that determines an autothrottle retard
initiation height based on the aircraft ground speed and
an autothrottle retard initiation height factor,
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a third module that receives an aircraft height above
ground,

a fourth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a fifth module that prevents throttle advancement after the
sixth module initiates autothrottle retard.

84. The method of claim 83, wherein the autothrottle retard

initiation height factor is expressed as

GSip = GSp

tan(FPA
TAgs  AuFPA)

where GS represents aircraft ground speed,
GS, represents aircraft ground speed at touchdown,
A ;s represents a constant aircraft inertial ground speed
deceleration, and
FPA represents a constant aircraft flight path angle.

85. An autothrottle retard initiation method comprising:

receiving an aircraft weight,

receiving an aircraft ground speed,

receiving an aircraft height above ground,

determining an autothrottle retard initiation height based
on the aircraft weight and aircraft ground speed,

initiating autothrottle retard when the aircraft height above
ground and the autothrottle retard initiation height are
equal, and

preventing throttle advancement after initiating auto-
throttle retard.

86. The method of claim 85 comprising: identifying con-
tact between aircraft landing gear and a runway and retarding
aircraft throttles to idle after contact between the aircraft
landing gear and the runway.

87. The method of claim 85 wherein receiving the aircraft
weight comprises at least one of receiving manually entered
data, receiving data from an aircraft sensor, and receiving data
from an external sensor.

88. An autothrottle retard initiation system comprising:

a first module that receives an aircraft weight,

a second module that receives an aircraft ground speed,

a third module that receives an aircraft height above

ground,

a fourth module that determines an autothrottle retard ini-
tiation height based on inputs received from the first
module and the second module,

a fifth module that initiates autothrottle retard when the
aircraft height above ground and the autothrottle retard
initiation height are equal, and

a sixth module that prevents throttle advancement after the
fifth module initiates autothrottle retard.

89. The system of claim 88 comprising a seventh module
that identifies contact between aircraft landing gear and a
runway and an eighth module that retards aircraft throttles to
idle when the seventh module identifies contact between the
aircraft landing gear and the runway.

90. The system of claim 88 wherein the first module
receives the aircraft weight through at least one of manually
entered data, data from an aircraft sensor, and data from an
external sensor.



